The aim of this study was to assess exposure to pesticides for a longitudinal epidemiological study on adverse reproduction effects among greenhouse workers. Detailed information on pesticide use among greenhouse workers was obtained on a monthly basis through self-administered questionnaires and subsequent workplace surveys. Questionnaires were filled in for a whole year. Dermal exposure rankings were developed for each task using the observational method Dermal Exposure Assessment Method (DREAM). Exposure scores were calculated for each worker for each month during the year, taking into account frequency, duration and exposure intensity for each task. A total number of 116 different active ingredients were used in the population, whereas a mean number of 15 active ingredients were applied per greenhouse. DREAM observations provided insight into the exposure intensity of 12 application techniques and three mixing and loading activities. Relatively high DREAM scores were obtained for scattering, fogging, dusting, and mixing and loading of powders. Observations with DREAM indicated that application with a horizontal ground-boom, motor driven boom, and bulb shower resulted in low dermal exposure. Exposure scores showed substantial variation between workers and over the year. It can be concluded that exposure variation between-and within greenhouses is very large, both in terms of chemical composition and exposure intensity. This may be a significant contributor to the inconsistent results of studies evaluating health effects of pesticide exposure.
Introduction
Epidemiological investigations are an important method to identify health effects of pesticides (Blair and Zahm, 1993) . However, research in this area is confronted with a large number of pesticide formulations on the market, inherently resulting in exposure groups with a heterogeneous chemical composition. Thus, attribution of health effects to any single pesticide is difficult, if not impossible. The vast amount of different chemicals also potentially complicates recall of pesticides (Garcia et al., 2000; Engel et al., 2001; Ward et al., 2001) , although some study results suggest that recall may be as good as for many other risk factors . Most epidemiological studies on occupational pesticide exposure use qualitative exposure assessment methods that often rely on expert judgment. However, a new generation of studies based on quantitative exposure indices or algorithms is slowly emerging (Brouwer et al., 1994; Buchanan et al., 2001; Dosemeci et al., 2002) .
Difficulties with exposure assessment of pesticides may also arise because of irregular use of pesticides in general. Fluctuations in patterns of pesticide use over time may cause error in assignment of exposure to individuals (Wegman et al., 1992; Hertz-Picciotto et al., 1996) . Hertz-Picciotto et al. (1996) convincingly illustrated this problem and showed that exposure assessments with an inappropriate temporal resolution may result in substantial attenuation of associations between exposure and effect. Taking into account all methodological problems it is no surprise that the varying magnitude of error in exposure assignment has been suggested as a likely contributor to the inconsistent results of studies evaluating health effects of pesticide exposure (Daniels et al., 2001; Kromhout and Heederik, 2005) .
This paper describes a semi-quantitative exposure assessment study, which was conducted as part of a longitudinal study of the relation between pesticide exposure and reproductive disorders. Detailed information on pesticide use among greenhouse workers was obtained on a monthly basis through self-administered questionnaires and subsequent workplace surveys. Dermal exposure rankings were developed using task evaluations performed with the observational method Dermal Exposure Assessment Method (DREAM) (Van Wendel de Joode et al., 2003 , 2005a . The dermal route is generally the most important route of entry for occupational pesticide exposure (Durham and Wolfe, 1962; van Hemmen, 1993) . Variations in chemical composition and intensity of exposure between greenhouse workers and fluctuations of exposure profiles throughout the year are described. In addition, implications of these findings for the planning and interpretation of the longitudinal epidemiological study on reproductive health effects are discussed.
Methods

Study Population
All subjects were participants in a large study among individuals working in flower greenhouses in The Netherlands regarding associations between reproductive disorders and pesticide exposure. The study was designed to be performed in two phases. The first phase comprised a survey on reproductive disorders among a large sample of 4118 men known to be working in a flower greenhouse of whom 1222 men participated. In a subsequent step, a cohort of 238 men was selected and invited to donate a sperm and/or blood sample in March 2003 and a second sample in September 2003. Of the 81 participants in this phase of the study, a total of 64 men provided complete information for the current exposure study. In addition, six men who were not eligible for inclusion in the second phase of the epidemiological study because of sterilization participated in the exposure study only. Hence, the study population comprised 70 men working in 64 individual flower greenhouses.
Self-administered Questionnaire
In March 2003, all participants in the exposure study were asked to fill in a questionnaire on pesticide use and re-entry work during the past half year (September 2002 -February 2003 . For each month, subjects had to fill in all types of pesticides (trade names), which had been applied in the particular greenhouse, the amount, frequency of application, and the technique that was used for each application. Subjects had to give an indication of the average application duration, separately for each application technique. Moreover, the participant had to indicate whether or not he had applied the particular pesticide himself. Information was also collected on the number of hours the participant performed re-entry work, for example, harvesting, pruning, and weeding. From March 2003 until August 2003 subjects were asked to keep a log on the same items.
Workplace Survey
All greenhouses were visited and an inventory was made of formulations used in order to cross-check the self-administered questionnaires. Greenhouse owners were asked to provide a print of the computerized application journals with information on types of pesticides used per month. Product labels were checked in case of lack of clarity or when inconsistencies occurred in the information provided. The trade names reported in the questionnaires and monthly logs were linked to relevant active ingredients using documents of the Board for the Authorization of Pesticides published on the Internet (http://www.ctb-wageningen.nl). Two hygienists conducted all workplace surveys using a checklist in order to collect information in a structured way. This checklist allowed the hygienists to record the various methods of pesticide application (e.g., backpack, hand spray, fogger) and use of personal protective equipment (PPE) during mixing and loading, application, and re-entry work (e.g., chemical resistant rubber gloves, boots).
DeRmal Exposure Assessment Method
In order to obtain insight into the exposure potential of the various tasks conducted by greenhouse workers (i.e., mixing and loading, various application techniques, re-entry work), a new observational method (DREAM) for structured, semiquantitative dermal exposure assessment was used. Key items of the DREAM exposure evaluations are assessment of probability and intensity of three dermal exposure routes as defined by Schneider et al. (1999) : emission, deposition and transfer. Emission is defined as dermal exposure occurring directly from the source of exposure, transfer as exposure due to contact with contaminated surfaces, and deposition as exposure through skin contact with small particles present in the air compartment. DREAM consists of two parts: a multiple-choice questionnaire (inventory part) on exposure determinants, and an evaluation algorithm. The inventory part comprises a hierarchically structured questionnaire with six modules: company, department, agent, job, task, and exposure. The questionnaire is to be filled in by an occupational hygienist after observing workers while performing their tasks. As the number of determinants is large, the inventory part is programmed in MS-ACCESS to facilitate data collection.
Each answer in the questionnaire coincides with a preassigned value (i.e., 0, 0.3, 1, 3, 10) that is subsequently put into the evaluation algorithm, resulting in semi-quantitative estimates of exposure levels on both the outside clothing layer and the skin. In the DREAM model, evaluation of exposure takes place at task level, assessing both potential exposure and actual dermal exposure estimates for nine different body parts: head, upper arm, lower arm, hands, torso front, torso back, lower body part, lower legs, and feet. The potential exposure estimate for a certain body part comprises the sum of dermal exposures due to three different exposure routes: emission, transfer, and deposition. The exposure route estimates are the product of probability and intensity of each route, assessed for each body part, and subsequently multiplied by estimates of intrinsic emission properties of the substance. For further details of this method we refer to van Wendel de Joode et al. (2003) .
Reliability and accuracy of the DREAM methodology was evaluated in two previous studies focusing on a broad range of exposure scenarios and types of dermal exposure (i.e., liquids, solids, vapors). Intra-class correlation coefficients ranged from 0.68 to 0.87 for total dermal exposure estimates, indicating good to excellent inter-observer agreement (van Wendel de Joode et al., 2005a) . In six exposure surveys, DREAM estimates were compared with dermal measurement data by estimating Spearman correlation coefficients. These ranged from 0.19 to 0.82 (van Wendel de Joode et al., 2005b) .
One hygienist had considerable experience with respect to the DREAM method in an earlier study. The second hygienist received a short introduction to DREAM and the conceptual model of Schneider et al. (1999) . She was further familiarized with the method during five workplace surveys under supervision of the experienced hygienist. While observing a specific application or re-entry task, the hygienists filled in the multiple choice questionnaire of the DREAM method. Workplace visits were performed on a day that pesticides would be applied. Unfortunately, it appeared to be very difficult to coordinate the visits with the application schedules of the greenhouse owners. Hence, DREAM observations could not be performed at each greenhouse.
Exposure Algorithms
An algorithm was used for estimating monthly exposure through mixing and loading or application activities (MLA). Exposure scores for the whole year and for 3 months periods are averages of the initial scores per month. The 3 months periods were defined as follows: quartile 1 (September, October, and November), quartile 2 (December, January, and February), quartile 3 (March, April, and May), and quartile 4 (June, July, and August). The MLA score was calculated from the product of time exposed, exposure intensity expressed as task-specific DREAM scores for the outside clothing layer, and a clothing protection factor also indicated by the DREAM method. Exposure scores were calculated for each individual for hands and body separately. Hand exposure can be expressed as follows:
where IH ca and D ca are the hand exposure intensity and duration of ''mixing and loading'' or ''application'' activity a and chemical c in a particular month. The clothing protection factor for the hands is represented by PH ca . This modifying factor is based on the DREAM methodology and defines in this case two groups of PPE use, namely no gloves (PH ca ¼ 1; 0% protection) and use of protective gloves (PH ca ¼ 0.03; 97% protection). In order to calculate potential hand exposure the clothing protection factor was assigned a value 1. The exposure score for the body can be expressed as:
where IB ca and D ca are the body exposure intensity and duration of ''mixing and loading'' or ''application'' activity a and chemical c in a particular month. The clothing protection factor for the body is represented by PB ca . Again, this modifying factor is based on the DREAM methodology and defines four groups of clothing regime and PPE use, namely standard clothes (PB ca ¼ 0.09; 91% protection), standard clothes and boots (PB ca ¼ 0.087; 91.3% protection), standard clothes and an extra layer (e.g., rainproof suit, overall) (PB ca ¼ 0.03; 97% protection), and standard clothes, an extra layer and boots (PB ca ¼ 0.027; 97.3% protection). In order to calculate potential body exposure the clothing protection factor was assigned the value 1. The summation of both scores represents the overall dermal exposure score during a particular month:
The factors 0.47 and 8.54 in Eq. (3) are used to take into account the surface area of the hands and the remainder of the body, respectively (Van Wendel de Joode et al., 2003) . Potential and actual MLA scores were calculated. A large number of parameters are involved in re-entry exposure and only information could be collected for a few. Therefore, a proxy for re-entry exposure was used. The reentry score was calculated using the amount of active ingredient applied (kg) per area (hectare) of the greenhouse and multiplied by an indicator reflecting the number of hours a worker was active in the cultures (0 h (0); 1-50 h (1); 51-100 h (2); 101-150 h (3); 4151 h (4)). Exposure scores for the whole year and for the 3-month-period are weighted averages of the initial proxies per month.
Statistical Analysis
Statistical analyses were performed with SAS System Software V8.2 tm . The median and range of the amounts of active ingredients were calculated for different pesticide groups. Then number of active ingredients used in the total population as well as the average number of active ingredients in different greenhouses were calculated as an indicator of chemical heterogeneity. Task-specific geometric mean DREAM scores were estimated by the mixed model procedure of SAS (PROC MIXED). Spearman correlation coefficients were used to assess the degree of association among MLA scores and re-entry scores. Exposure variation between workers and over the year was investigated graphically by plotting whole year and quartile scores for each worker. A nested one-way random effects analyses of variance (ANOVA) model was used to evaluate the contribution of between-worker and within-worker factors to the total variance of the potential MLA score, the actual MLA score and the re-entry score. Associations between characteristics of the greenhouses and exposure scores were evaluated using linear regression models.
Results
Descriptive statistics of the study population are shown in Table 1 . The results indicate that 53% of the population performed all applications themselves, whereas 30% perform part of the applications in a particular greenhouse and another 17% is not involved in pesticide applications at all. Approximately 80% of the population was owners of a greenhouse. The median number of application techniques used in a greenhouse was 3 (range 1-6) and the median number of cultures was equal to 2 per greenhouse (range 1-7). Approximately 33% of the greenhouses covered an area of less than 1 hectare, 44% covered an area between 1 and 2 hectare, and 23% was larger than 2 hectare. Table 2 illustrates that substantial variation exists between greenhouses in terms of types of active ingredients used. A total of 116 active ingredients were used among all 64 greenhouses, whereas the average number of active ingredients per greenhouse was approximately 15. This indicates substantial heterogeneity in chemical composition of the exposure between workers. The average amount of active ingredients per hectare per year was 28 kg (range 0.06-249 kg/hectare per year) and a large percentage of active ingredients could be classified as fungicides (AM ¼ 20 kg/hectare per year, range 0 to 233 kg/hectare per year). Herbicides represented the group of pesticides that was used in the lowest amounts (AM ¼ 0.5 kg/hectare per year, range 0-7 kg/hectare per year). Abamectin is the most widely used active ingredient recorded in 70% of the greenhouses. The other nine active ingredients in the top 10 were used by 59%-33% of the greenhouses (Table 3) . On the other end of the extreme, 31 out of the 116 active ingredients recorded in this study were only used in one greenhouse. Table 4 shows the prevalence of different application techniques among the study population and the related geometric mean DREAM scores as obtained through observations in the field. Confidence intervals are wide due to small numbers of observations per technique and substantial exposure variation between workers using the same technique. Nevertheless, the DREAM scores enable discrimination between techniques with low (e.g., horizontal ground boom, motor-driven boom, and bulb shower) and high exposure potential (e.g., scattering, fogging, dusting, and mixing and loading of powders) for which the confidence intervals are not overlapping. During workplace visits the application techniques dripping, low-volume mister, and smoking were observed, but were considered to generate no or very low exposure levels, since application in the greenhouse takes place in the absence of the workers. These techniques were assigned a DREAM score of zero. Figure 1 provides an overview of potential MLA exposure scores and re-entry exposure scores for each individual worker and quartile throughout the year. Actual MLA scores yielded the same exposure trend and this figure is therefore not presented. Average quartile exposure values differ to some extent, indicating that there is seasonal exposure fluctuation in this population with the lowest exposure in quartile 2 (average potential MLA score ¼ 28; average actual MLA score ¼ 5; re-entry score ¼ 5) and the highest exposure in quartile 4 (average potential MLA score ¼ 84; average actual MLA score ¼ 8; re-entry score ¼ 9).
The correspondence between the potential and actual MLA scores was considerable with a Spearman correlation coefficient equal to 0.88. Agreement was considerably lower for potential MLA and re-entry scores (r ¼ 0.32) or actual MLA and re-entry scores (r ¼ 0.23). Visual inspection of Figure 1 shows that substantial variation in exposure levels exists both between and within workers. For MLA scores, the most important source of variability in exposure was due to between-worker variability, although variation from quartile to quartile also accounted for approximately 20% of the variability. Between-and within-worker variability were approximately equal for the re-entry score (Table 5) . Exposure scores for owners and greenhouse workers did not differ. Similarly, based on the different scores, no consistent exposure pattern could be detected with respect to surface area of the greenhouse. As numerous different cultures were grown with often more than one culture in a particular greenhouse, it was impossible to consistently evaluate exposure scores in relation to type of culture in our study.
Discussion
This paper describes an exposure assessment study among greenhouse owners and greenhouse workers. In a population of farmers who function as an operator, inaccurate recall may not be an important problem since use of pesticides is directly related to operational needs of the farm (Blair and Zahm, 1993) . Conversely, research is difficult among workers who do not apply pesticides themselves, as they are often not aware of the specific pesticides applied by others to the field in which they work (Ward et al., 2001 ). In the absence of information on amount and type of pesticides used it is very difficult to assess exposure levels during re-entry activities. Pesticide exposure among greenhouse workers Tielemans et al.
The current study population was a mixture of both greenhouse owners and greenhouse workers. Yet, the inclusion of relatively less-informed greenhouse workers did not cause any data collection problems, since computerized application journals of the owner could be retrieved. These computerized application journals are unlikely to exist in many developing countries where pesticides are applied, which substantially complicate the exposure assessments in these countries.
The results clearly show that substantial exposure variation exists between greenhouse workers, both in terms of chemical composition and intensity. This has important consequences for epidemiological studies aiming to establish exposureresponse relations. Most previous epidemiological studies have considered pesticides as a group without further characterization of chemical specific exposures. Such crude exposure assessment approaches for pesticides may only be successful when the underlying toxicological mechanism is not chemically specific. In situations where only a small part of the pesticides produce an adverse effect, aggregation of different pesticides in one exposure group will result in error in exposure assignment and, as a consequence, attenuation of exposure-response relations. Although only aggregated exposure results are shown in this paper, our approach is able to yield pesticide-specific exposure estimates that will be used in the epidemiological study on reproductive disorders. Hence, the exposure data produced in this study allow the classification of particular groups of pesticides in subsequent epidemiological analyses. However, we did not consider the inclusion of intrinsic toxic properties of the pesticides in the algorithm, since it was not our purpose to rank pesticides in terms of hazard.
The results of this study also point to the relevance of temporal variation in exposure levels. Within-worker variation from quartile to quartile accounted for 20% to 50% of the total variability. The seasonal fluctuation is mainly caused by differences in application frequencies over the year. This is substantiated by the fact that the correspondence between MLA scores and frequency of application was considerable (correlation coefficient B0.8). Hence, in order to accurately assess long-term pesticide exposure this temporal variation should be taken into account. Therefore, it is of crucial importance to document task activities during a long period. The use of questionnaire information on tasks over a period of only a few weeks would inevitably result in substantial measurement error.
Intensity of pesticide exposure is difficult to take into account quantitatively, since an extensive exposure measurement study is often not feasible in an agricultural setting. Most studies are limited to the use of surrogate measures of intensity and only few studies have used transparent algorithms to quantify pesticide exposure (Brouwer et al., 1994; Buchanan et al., 2001; Dosemeci et al., 2002) . In this study, a task-based model was used, taking into account frequency and duration of different tasks throughout the year, and intensity of pesticide exposure during the tasks. Intensity scores were assessed by observations in the field using a recently developed and validated observational method for assessment of dermal exposure. DREAM provides reproducible results for a broad range of tasks with dermal exposure to liquids, solids, as well as vapors (Van Wendel de Joode et al., 2003 , 2005a .
The fact that two hygienists were involved in the process may have introduced additional measurement error due to inter-observer differences. This is not expected to be a significant problem since the DREAM method showed good to excellent inter-observer agreement (van Wendel de Joode et al., 2005a) . Unfortunately, for some application techniques only a very limited number of observations could be done, resulting in imprecise geometric mean DREAM scores for those techniques. Moreover, average DREAM values are used for each application technique, which precludes the consideration of personal differences in exposure within tasks. Nonetheless, the approach enabled the discrimination between application techniques with low and high exposure potential, since confidence intervals are not overlapping. It is likely that these significant differences in DREAM scores reflect true differences in mean dermal exposure among these tasks, since DREAM correlated reasonably well with dermal exposure measurements in a validation study. Spearman correlation coefficients for individual observations ranged from 0.19 to 0.82 (van Wendel de Joode et al., 2005b) . This performance is comparable to that of a frequently used occupational model for inhalation exposure .
Results indicate relatively high dermal exposure during scattering and mixing and loading of powders (mainly due to hands exposure) and fogging and dusting (hand and body exposure). The geometric mean of total body DREAM scores (summation of hands and body scores; weighted according to surface area) of these tasks are towards the upper end of the DREAM score distribution produced in a comprehensive benchmark study (van Wendel de Joode et al., 2005b) . This finding may help to prioritize adequate control measures and suggests that interventions should focus on these tasks. DREAM scores for other tasks, for example, bulb shower or horizontal ground boom, were comparable with values at the lower end of the distribution in the study of van Wendel de Joode et al. (2005b) . The benchmark study included 31 tasks representing a broad range of processes with low and high exposure potential.
DREAM takes into account a large amount of parameters in the algorithm and calculations are made for nine body parts separately (van Wendel de Joode et al., 2003) . It is therefore outside the scope of this paper to conduct a comprehensive sensitivity analysis. In general, however, it can be stated that the probability and intensity of exposure routes (both with assigned values of 0; 1; 3; 10) are the main parameters that determine the DREAM scores in this study. Activities with high geometric mean DREAM scores (scattering, mixing and loading of powders, fogging, dusting) had high probability and intensity values for one or more body parts, whereas other tasks with lower geometric mean DREAM scores were assigned low values for probability and intensity.
Assessment of exposure due to re-entry is difficult, since this is the result of a complex chain of processes ending with the transfer of pesticide residues from contaminated surfaces to the worker. Many authors described parts of this process (e.g., Krieger et al., 1992) . Dislodgeable foliar residue (DFR) can be considered a good estimate of source strength for reentry exposure. The amount of DFR at the time of re-entry depends on various factors, such as the amount of active ingredient applied, dissipation rate of the pesticides, and elapsed time since treatment. The actual transfer from DFR to the worker is influenced by crop-and task-specific factors, which may differ between greenhouses and are difficult to assess (Boleij et al., 1991) . DREAM evaluations might provide some insight into the level of transfer during different re-entry activities, although the discriminative power of DREAM was considered to be limited in this specific context. Taken together, a large number of parameters are involved in re-entry exposure, whereas valid information could be collected for only a few. Except for amount applied, information on all other parameters appeared to be almost impossible to obtain in this study. This paucity of information was the reason that we did not use DREAM evaluations to capture variability of exposure due to re-entry work. Instead, we used a very crude proxy for re-entry exposure: that is, the amount of pesticides applied in combination with the number of hours worked in the greenhouse. As we could not take into account the specific area treated nor the actual time to re-entry of a specific area, the approach undoubtedly results in substantial error in assignment of exposure. Unfortunately, it is impossible to assess the proportion of the total variability in exposure estimates that is due to this measurement error. The limited information on crucial input parameters prohibits an assessment of the signal to noise ratio in the re-entry exposure estimates.
Hence, in subsequent epidemiological analyses the exposure metric should be used carefully. As exposure assessment for application and re-entry represents disparate features with different levels of uncertainty, we did not combine the two scores into a single exposure score. Therefore, epidemiological analyses are not straightforward in that the two scores should be studied simultaneously in exposure-response analyses.
The correlation between re-entry and MLA scores were low, possibly indicating the fact that both scores reflect different exposure aspects. Nevertheless, the low correlation can probably in part be explained by the substantial error that occurs in assignment of the re-entry exposure scores.
Actual and potential MLA scores showed high correlations. This illustrates that clothing and PPE regimes (gloves) are fairly similar among the population, introducing limited additional information to the relative rankings of potential MLA scores.
The exposure assessment study focused on dermal exposure to pesticides only. This was considered to be a reasonable strategy since the dermal route is generally the predominant route of entry for occupational pesticide exposure (van Hemmen, 1993; Durham and Wolfe, 1962) . For some specific pesticides, however, inhalation exposure might also be important. This may have resulted in exposure measurement error. In addition, pesticides contain various additives, like solvents, for which inhalation exposure is relevant. Inhalation exposure is not taken into account as an additional exposure metric in our analyses because information on specific additives in pesticides is not generally revealed by the manufacturers. Recently, Cherrie et al. (2006) have highlighted the relevance of inadvertent ingestion. This may be a relevant additional exposure route for pesticides that was not taken into account in this study. In future research, details of personal behavior (e.g., hand-to-mouth contact) should be recorded to evaluate the relevance of this route.
There appeared to be no clear correlation between exposure scores and general characteristics of greenhouses in our study population. This implies that it is not possible to use very crude indicators, like greenhouse area, to characterize exposure among Dutch greenhouse workers. Moreover, general greenhouse characteristics cannot be used to select, for instance, highly exposed groups in order to increase exposure contrast in an epidemiological study. A more optimal strategy in this respect might be to define potentially high exposed groups based on crude information with respect to application technique and frequency, followed by a second stage of in depth exposure evaluation as described in this paper.
We could not find a difference in exposure scores between owners and workers. This does not necessarily prove that there are no real differences in dermal exposure. One might hypothesize that DREAM is not sensitive enough to detect subtle work practice differences between both groups. Hence, these differences might remain unnoticed in our analyses. Exposure measurements are necessary to detect such differences. This paper describes an approach for assessing pesticide exposure based on transparent algorithms. The main outcome was that substantial variation exists in pesticide exposure on different levels, potentially explaining the vast amount of negative epidemiological studies on health effects of pesticides (Kromhout and Heederik, 2005) . A new generation of epidemiological studies should properly take into account the different sources of exposure variation in order to make important improvements in this research area. Our approach combining DREAM estimates and logbooks results in time-window specific and pesticide specific (semiquantitative) estimates of exposure. The results described in the paper will be used to plan, conduct and analyze a longitudinal epidemiological study on reproductive effects of pesticides. The observed temporal exposure variation, both in terms of intensity and chemical composition, indicates that the longitudinal design linking multiple effect markers from the same worker to exposure fluctuations over time is feasible.
